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A THEORETICAL STUDY OF PHOTOVOLTAIC CONVERTERS 

BY 

John H. Heinbockel* 

Laser Photovo l ta ic  Energy Converters 

Mathematical models f o r  t h e  photovo l ta ic  conversion o f  l a s e r  power have 

been developed. 

j u n c t i o n  p h o t o v o l t a i c  conver te rs  and are descr ibed i n  d e t a i l  w i t h i n  t h e  

references 1 and 2. 

These models s imulate t h e  opera t ion  o f  p lanar  and v e r t i c a l  

Another parameter which can e f f e c t  t h e  opera t ion  o f  a l a s e r  power 

conver ter  i s  a graded j u n c t i o n .  

w i l l  consider a one dimensional model. With re fe rence t o  tne  F i g .  1, l e t  

f = ND -NA = a5 

have 

To study t h e  e f f e c t  o f  graded j u n c t i o n s  we 

denote the  graded j u n c t i o n .  For charge n e u t r a l i t y  we must 

This  g ives  

This  r e q u i r e s  t h a t  S n  = 5 = W/2, where W = E n  + 5 i s  t h e  width o f  t h e  

d e p l e t i o n  reg ion.  For Gauss's law we use t h e  l i n e a r  approximat ion 
P P 

de 4 4 - = - (p - n + Nd - ijA) s - a x  
dx e e 
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This produces 

w i t h  € ( - E  ) = €(En) = 0 . 
P 

The maximun e l e c t r i c  f i e l d  i s  

and t h e  p o t e n t i a l  d i s t r i b u t i o n  i s  g iven by 

by t h e  mean value theorem fo r  i n t e g r a l s  we can w r i t e  

E([)dE = Vbi = b u i l t  i n  vo l tage,  * En 
m I - s P  W . €  = 

us ing f = ac we c a l c u l a t e  
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aq 2 2 
2e 
- (E -Ep) 9 -Ep E < 0 

4 s )  = 
aq 2 2 

2E 
- - (E,-E ) 9 0 < E < 5, 

w i t h  rnaximun f i e l d  

and t h e  vo l tage i s  g iven  by 

we f i n d  t h a t  

I n: 
L 1 2 ~  2kT aw 

o r  w3 = - (-1 an (-1 
a q  4 2n 

From t h i s  equat ion we can obta in  t h e  r e l a t i o n s h  p between t h e  j u n c t i o n  

depth and t h e  s lope o f  t h e  graded j u n c t i o n  wnich can then be r e l a t e d  t o  t h e  

b u i l t  i n  vo l tage.  These r e l a t i o n s h i p s  are dep ic ted  n t h e  F ig .  2 .  On a 

semi-log p l o t  t h e  b u i l t  i n  vo l tage increases l i n e a r l y  w i t h  s lope o f  t h e  

graded junc t i on .  Also as t h e  slope o f  t h e  graded j u n c t i o n  increases t h e  

4 
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wid th  o f  t h e  d e p l e t i o n  reg ion  decreases. 

A t h e o r e t i c a l  ana lys is  o f  s i l i c o n  p-n j u n c t i o n  s o l a r  c e l l s  p r e d i c t s  a 

l i m i t i n g  upper va lue f o r  the  open c i r c u i t  vo l tage  Voc.  

i s  i n  t h e  neighborhood of 700 mV. 

j u n c t i o n  s o l a r  c e l l  i s  l i m i t e d  by the va lue  obta ined f o r  V A graded 

j u n c t i o n  i s  one f a c t o r  which in f luences  t h e  va lue o f  t h e  open c i r c u i t  

vo l tage,  another fac to r  i s  t h e  magnitude o f  t h e  bandgap narrowing A E ~ .  

From Fig.  2, we can see t h a t  h igher  l e v e l s  o f  doping concent ra t ion  can 

s i g n i f i c a n t l y  i n f l u e n c e  t h e  dev ice  performance of a l a s e r  photoconver ter .  

I o d i n e  Lasers 

Th is  l i m i t i n g  va lue 

The e f f i c i e n c y  o f  a s i l i c o n  p-n 

oc' 

The References 3, 4 conta in  models f o r  t h e  chemical k i n e t i c s  associated 

w i t h  Iod ine  Lasers. The model i n c  udes t h e  bas ic  k i n e t i c  processes for t h e  

pho tod issoc ia t i ve  i od ine  l ase r  i n c  uding a l l  known cnemical reac t i ons .  A 

sca led vers ion  o f  these chemical k n e t i c  equat ions i s  obta ined by l e t t i n g  

Blyl = [ R I ]  , 

B4Y4 = [ 121 

B7Y7 = [ P I  

B2y2 = [ R ]  

B5Y5 = [I*] 

where Bi, i=1, ..., 7 are sca le  f a c t o r s  and [ ] represents  d e n s i t y  o f  

s t a t e s  and R represents  one o f  the  p e r f l o u r a l k y l  i od ides  such as 

CF31, C F I, i - C  F I, n-C F I .  The scaled chemical k i n e t i c  equat ions are:  
2 5  3 7  3 7  
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2 
B2 2 

B3 
k3 - Y2 + k 4  - dy3 - - -  

d t  

- -  B4 B1 B5 B4 B5 B5 y5 
~1 ~5 + 4 2  7 Y4 Y5 + A. - 2( Y4 + Q1 - - E  t -  

dy6 

d t  B6 '6 B6 B6 

2 
-'3 B 4  '5 y4 y5 '6 - k 2  B2 '2 '6 - *D '6 4 4 6 4 6 -2C B B y y 

rmax 
'II - 

2.77 

112 
L 1  - - -  
L c  Tc 

B7 y7 + 
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I n  t h e  above equat ions E ( t ) ,  5 ( t )  are t h e  p h o t o d i s s o c i a t i o n  r a t e s  o f  t h e  1 2 
l a s e r  gases f o r  v i s i b l e  and u l t r a v i o l e t  l i g h t .  We use 

0 

= I, 
and 

EO2 Co (e x 2 1  -e X22) 

0 

y O < t < r o  

y t > T  
0 

w i t h  Si( t+At)  = E i ( t )  f o r  i = 1,2 where A t  i s  t h e  per iod  o f  t h e  l i g h t  

pu lses.  Here 

i = 1,2 

i = 1,2 
4 

E O 1  = 2(3.04E-3) Y A t  = 10 seconds 

T = 7.OE-4 
0 

E02 = 2(3.38E-2) 

= 2 E4 
cO 

E21 - E22 - 

2 
E12 = = 4 an( lO) lTo  

- - 

the  remaining parameters a r e :  t3' = (3.5E16)P where P i s  t h e  pressure i n  

t o r r  and 
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B1 = B C = 2.OE4 Bo = .443 0 

B2 = .01B 

B3 = .01B 

K 1  = 7.9E-13 Ql = 2.OE-16 

K 2  = 2.3E-11 Q 2  = 1.9 E - 1 1  

B4 = .01B K3 = 2.6E-12 C1 = 1.OE-33 

B5 = .01B K4 = 3.OE-16 C2 = 8.5E-32 

B6 = .01B C = 3E10 C 3  = 5.6E-32 

B7 = (1.OE-5)B Aoo= 2.OE17 C 4  = 2.OE-30 

L = 30.48 A = 7.7 AD = 1.2E3 0 

L = 55.55 
C 

-21c 
T = - t n (  .9775*.9975) 

C g = 2 ( y 2 )  C 

The system of scaled chemical kinetic equations are solved numerically 

u s i n g  the Runge-Kutta-Fehlberg nunerical procedure appl ied t o  the nonlinear 

system o f  7 equations. 

the time interval e<t<l .2(10-3) seconds. An analysis o f  parameter effects 

on the solution behavior i s  t o  be studied using a computer. 

Nominal results are i l lustrated i n  the F i g .  3 over 
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